WikiLeaks Document Release 

http:/ /wikileaks.org/wiki/CRS-RL33296 
February 2, 2009 

Congressional Research Service 
Report RL33296 

Alternatives for Modeling Results from the RAND Health 

Insurance Experiment 

Chris L. Peterson, Domestic Social Policy Division 
March 6, 2006 

Abstract. This report assesses the ability of the three methods to consistently replicate certain RAND Health 
Insurance Experiment results. Because health care and people’s responsiveness to its costs may have changed 
in the decades since the HIE’s implementation, the method that best replicates the HIE results may not in fact 
best represent current responsiveness to health care cost-sharing. Whether people’s responsiveness has changed 
is difficult to know without another experimental study like the HIE. However, on the specific question of which 
method is best for replicating the HIE results, this report points to the cubic formula. 



http://wikileaks.org/wiki/CRS-RL33296 



Order Code RL33296 



CRS Report for Congress 

Received through the CRS Web 



Alternatives for Modeling Results from the RAND 

Health Insurance Experiment 



March 6, 2006 



Chris L. Peterson 
Specialist in Social Legislation 
Domestic Social Policy Division 



Congressional Research Service ❖ The Library of Congress 





http://wikileaks.org/wiki/CRS-RL33296 



Alternatives for Modeling Results from the RAND 
Health Insurance Experiment 



Summary 

The RAND Health Insurance Experiment (HIE) was ongoing from the mid- 
1970s to the early 1980s. Two thousand nonelderly families from six urban and rural 
areas were randomly assigned health insurance plans with different levels of cost- 
sharing (that is, with various levels of deductibles, coinsurance, and out-of-pocket 
maximums). The results from this unprecedented health insurance experiment 
showed that people facing higher cost-sharing (that is, they had to pay a higher 
proportion of total health care costs out of their own pockets) had lower health care 
spending than those in plans with lower cost-sharing. No similar experiment has 
been performed since the HIE, so it remains the epochal analysis for understanding 
the link between health insurance cost-sharing and total health care spending. This 
report examines the methods used to apply the HIE results in health policy analyses. 

The key variable used to try to explain health care spending in the HIE was the 
plans’ coinsurance — that is, the percentage of total health care costs that the 
individual must pay. Understanding these results from the HIE was complicated by 
the fact that for each coinsurance rate, there were multiple plans, each with a different 
out-of-pocket maximum (although the maximum never exceeded $1,000). For 
example, a person may have been enrolled in the “25% coinsurance plan,” but after 
that person had spent $ 1 ,000 (or less) out of pocket, the plan effectively became a 0% 
coinsurance plan. Thus, the nominal coinsurance could not be used as the sole cost- 
sharing variable for explaining the impact of cost-sharing in the HIE plans. 

The H IE results have been particularly useful for policy analysts estimating what 
effect changes in cost-sharing might have on health care spending — in public health 
insurance programs, for example. Microsimulation modeling is one tool used by 
health policy analysts to estimate the impact of cost-sharing changes. “Micro” refers 
to the fact that the modeling takes place on an individual level rather than an 
aggregate level, based on a database of individuals representative of a certain 
population (the U.S. population or a smaller subset, such as individuals enrolled in 
Medicaid). If one wanted to estimate the impact of an increase in coinsurance, for 
example, a microsimulation model would apply that increase to every person in the 
data along with a concomitant drop in total health care spending. 

In most health insurance modeling, the HIE results remain the basis for 
adjusting total health care spending in response to cost-sharing changes. However, 
applying those results in a model is not always straightforward. One of two methods 
is typically used — elasticities, generally preferred by health economists, and 
induction, preferred by actuaries. Each has benefits and shortfalls, but little 
comparative analysis has been done. This report begins by generally describing and 
comparing elasticities and induction factors. The report then summarizes key 
findings from the H IE and discusses how elasticities and induction factors can be 
used to replicate those results. Because of the limitations of these methods in 
modeling, this report offers a third alternative that appears to better replicate the HIE 
results. This method, called the cubic formula, is simply a formula that produces 
HIE-reported spending levels from the experiment’s four coinsurance levels. 
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Alternatives for Modeling Results from the 
RAND Health Insurance Experiment 

Changes in health insurance plans’ cost-sharing (for example, the deductible and 
coinsurance) affect the quantity of health services used, according to results from the 
seminal RAND Health Insurance Experiment (HIE) of the 1970s and 1980s. 
Generally speaking, if a person’s cost-sharing increases, less health care will be used; 
if cost-sharing decreases, more health care will be used. Economists account for such 
changes with a measure called a demand elasticity; actuaries have a related measure, 
called induction factors. 

These two methods are used in health insurance models, usually with the 
purpose of replicating the HIE results. Neither of these methods is perfect or even 
perhaps inherently preferable. Moreover, converting the HIE results into appropriate 
elasticities or induction factors is not always straightforward. The use of each has 
benefits and shortfalls, but little comparative analysis has been done. 

The Congressional Research Service (CRS) has partnered for more than a 
decade with actuaries from the Hay Group to formulate microsimulation models that 
provide estimates of the actuarial value of health insurance plans. To account for 
changes in cost-sharing, these models use induction factors. CRS and Hay are in the 
process of a significant overhaul of these models. As part of that process, the 
application of the models’ induction factors was assessed and compared to elasticities 
and another alternative presented in this report, the cubic formula. This report is the 
documentation of that assessment. 

This report begins with a basic explanation of elasticities and their health 
insurance applications. Induction factors are similarly described then contrasted with 
elasticities from a theoretical standpoint. Such an elementary explanation is intended 
to ensure that the key distinctions and limitations of elasticities and induction factors 
are not missed, particularly for their applications in modeling. The next section of 
the report reviews some of the key findings from the RAND Health Insurance 
Experiment. Finally, the report discusses how best to replicate HIE results using 
elasticities, induction factors, and the cubic formula. 

In short, this report assesses the ability of the three methods to consistently 
replicate certain RAND Health Insurance Experiment results. Because health care 
and people’s responsiveness to its costs may have changed in the decades since the 
HIE’s implementation, the method that best replicates the HIE results may not in fact 
best represent current responsiveness to health care cost-sharing. Whether people’s 
responsiveness has changed is difficult to know without another experimental study 
like the HIE. However, on the specific question of which method is best for 
replicating the HIE results, this report points to the cubic formula. 
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Theoretical Explanation of Cost-Sharing Methods 

Elasticity of Demand 

The elasticity of demand is a number that approximates the effect that a change 
in price has on the quantity purchased of a good or service. In other words, 
elasticities are used to answer this question: If the original quantity (Q 0 ) of a good or 
service is purchased at the original price (p 0 ), how many units would be purchased 
(Q t ) at a different price (p,j? 

For two given prices (p 0 and p,) and the two associated quantities (Q 0 and Q,), 
the elasticity is defined as the percentage change in quantity resulting from a one 
percent change in price. Starting from a particular point (p 0 , Q 0 ), this is represented 
algebraically as follows: 

Q.-Qo 

E point = p, -p () 

Po 

For example, a car dealership knows that if its price on a particular model is 
$30,000, it will sell 500 of those cars in the year; however, if it drops its price to 
$27,000, it will sell 600. The point elasticity would then be calculated as follows: 

600 -500 

p 500 20% 

(2) n poim - 27,000 -30,000 - -10% - z 

30,000 

Because the absolute value of the elasticity is greater than one, it denotes that 
people are very responsive to price changes for this model. Specifically, a 10% drop 
in price would yield a 20% increase in quantity demanded. 

Those dealing with elasticities aspire to apply a particular value, say -2, to all 
different prices and quantities for that good. However, point elasticities do not yield 
consistent results; as a cost-sharing factor, they lack certain desirable properties. One 
such property is reversibility, which means that the calculation of a cost-sharing 
factor (based on two points) yields the same result regardless of which point is 
considered the starting point (p 0 , Q 0 ). Point elasticities are not reversible, as 
demonstrated below by using the same two points used in Eq. (2) but switching the 
starting point. The elasticity below, -1.5, does not match the previous one, -2: 

500 -600 

j-. 600 

w * point - 30,000-27,000 “ 

27)000 

To obtain the same elasticity from a given pair of points, arc elasticities are used 
instead of point elasticities. In other words, arc elasticities are reversible. Arc 
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elasticities are calculated as (change in quantity divided by average quantity) / 
(change in price divided by average price), or: 



(4) E 



arc 



Qi Qo 

(Qi + Q 0 )/2 
Pi - Po 
(Pi + p 0 ) /2 



Using the prior example, the arc elasticity is the following, and does not vary 
regardless of which is chosen as (p 0 , Q 0 ): 

600 -500 
(600+500)72 

(5) E arc 27,000-30,000 =~ L73 

(27,000+30,000)72 



As in this example, the arc elasticity (-1.73) is often close to the average of the 
point elasticities (-1.75). 

In addition to reversibility, another advantage of the arc elasticity is that it is 
defined even if any of the parameters equals zero. In the point-elasticity formula, if 
either p 0 or Q 0 is zero, the elasticity cannot be calculated. For these reasons, arc 
elasticities are generally favored by health economists over point elasticities. 

Although the arc elasticity may be nearly as easy to calculate, the point elasticity 
is often easier to apply when predicting quantity (Qj). Eq. (6) shows the formula that 
results from solving the point-elasticity formula in Eq. (1) for Q,. 

(6) 

Ql point = Qo (1 + E(PrPo)/Po) 

Eq. (7) shows the formula that results from solving the arc-elasticity formula in 
Eq. (4) for Q[. 

(7) 

Ql arc = Q 0 (EPo - Ep, - p, - p 0 ) / (Ep r Ep Q - p r p 0 ) 



The temptation is to take an arc elasticity and predict Q, based on the point- 
elasticity formula in Eq. (6). However, this does not yield proper results. To 
illustrate, apply the previously calculated arc elasticity (-1.73) to predict Q, when p, 
is $27,000 and the starting point is ($30,000, 500). Although the actual Q[ is 600, 
the point-elasticity version of Q, yields 586. For the point-elasticity version of Qj to 
yield 600, the original point elasticity of -2 would have to be used. Although it is 
more unwieldy, the arc-elasticity version of Q, in eq. (7) yields the proper result (in 
this case, 600) when applying the arc elasticity. 
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In other words, when predicting quantity using elasticities, it is critical to use the 
Q, formula that corresponds with the elasticity used, whether arc or point. 1 The 
additional complication of applying the point elasticity is that, because it is not 
reversible, one must determine which point elasticity to use; when predicting Qj from 
a particular (p 0 , Q 0 ), it is best to choose the point-elasticity value based on the starting 
point closest to the one it is being applied to. 

Health Insurance Applications. Calculating elasticities when individuals 
are covered by health insurance is complicated by the fact that the price paid by 
consumers for health care (that is, their cost-sharing) is usually not the full price of 
that care. For example, the average price of a hospital stay may be $5,000, but the 
insured’s effective “price” would be only the cost- sharing — a $750 deductible, for 
example. This effective price, the person’s out-of-pocket liability, is what influences 
their behavior rather than the total price. Thus, when looking at elasticities for health 
insurance purposes, the prices (p 0 and p,) are generally the prices paid by the 
individual out of pocket rather than the actual total price for the good or service. 

In addition, it is often difficult to measure the quantity of health care purchased. 
When deriving an elasticity for health care, what should be used for “quantity”? 
Fortunately, there is a way around this dilemma, using the fact that the total amount 
spent on health care (i.e., the person’s out-of-pocket payments plus payments by 
insurance) is the actual price of the good or service (not just the out-of-pocket 
amount) multiplied by the quantity used. Therefore, the percentage change in total 
spending would be as follows, with P 0 and Pj representing the actual price of the 
good or service, not just the out-of-pocket amount: 

P,Q, - P n Q n 

(8) % A in total spending = 

PqQo 



However, in calculating elasticities based on cost-sharing changes, we assume 
that the actual price of the health good service does not change — that is, that P 0 and 
P, are equal. As such, price falls out of the equation so that the percentage change 
in total spending is equivalent to the percentage change in quantity demanded: 



(9) % A in total spending = 



PQi PQp - Qi Qp 
p Qo Qo 



= % A in quantity demanded 



Thus, the easiest way empirically to calculate an elasticity for health care is to 
use the percentage change in total spending as the percentage change in quantity 
demanded. This applies to all of the uses of “quantity” for the remainder of this 
report. 

For example, an insurance company contracts with physicians so that a typical 
office visit is $100, or P. On average, its enrollees make three visits per year, for 



1 It is possible to use an arc elasticity in the point-elasticity formula for Q and obtain the 
appropriate Q, by using a multiplicative factor. However, calculating that factor is more 
cumbersome than simply using the appropriate formula in Eq. (7). 
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total spending of $300 per enrollee for the office visits. The enrollees must pay a 
copayment per visit of $5 (a coinsurance of 5%). The following year, the plan keeps 
its contract arrangements the same with physicians but increases its copayments to 
$25 for office visits (a coinsurance of 25%). The result is that the average number 
of visits drops to 2.25, for total average spending of $225. From these figures, the 
arc elasticity is calculated as follows: 

225-300 

(225+300)72 

(10) E arc = 25^5 =-0-21429 

(25+5)72 

Because the absolute value of this elasticity (0.21429) is less than one (and 
closer to zero), one would say the demand for this type of care is relatively inelastic. 
That is, a substantial change in the effective price of care led to a relatively small 
change in the amount of care demanded. 2 

Nevertheless, the example is a much- simplified version of the cost-sharing 
structure for the range of services in most health insurance plans, which have 
deductibles and out-of-pocket maximums in addition to copayments and coinsurance 
that may vary by type of service. As a result, precisely determining p, for actual 
health insurance plans is not straightforward; p, becomes a function not only of the 
new cost-sharing structure but of Q h the variable we seek to derive from p,. Because 
of this simultaneous (some might say circular) relationship, elasticities appear to be 
limited outside of applications to plans with only coinsurance cost- sharing. 3 

Induction Factors 

Induction factors are not discussed as commonly as elasticities in health policy 
circles. A thorough literature review on the topic came up with only a handful of 
references, all several years old. 4 Like elasticities, induction factors are used to 



2 With an explicit measure of quantity (number of visits), because the underlying total price 
($100) remained the same, the arc elasticity would yield the same result whether using that 
quantity or total spending, affirming what was shown in Eq. (9). From the two data points 
in this example, the point elasticities would be -0.0625 and -0.4167, depending on which 
point was chosen as the start. This is quite a large range for describing the impact of cost- 
sharing changes. 

3 A plan’ s average coinsurance is often estimated in an effort to make elasticities applicable, 
which is discussed later in this report. 

4 Daniel Zabinski et al., “Medical Savings Accounts: Microsimulation Results from a Model 
with Adverse Selection,” Journal of Health Economics, volume 18 (1999), pp. 195-218. 
(Hereafter cited as Zabinski, et al., Medical Savings Accounts.) Edwin Hustead et al., 
“Medical Savings Accounts: Cost Implications and Design Issues,” American Academy of 
Actuaries’ Public Policy Monograph No. 1, May 1995, at 
[http://www.actuary.org/pdf/health/msa_cost.pdf]. Hustead is also the principal actuary at 
the Hay Group for the CRS contract on the valuation models. Documentation on those 
models regarding induction factors is very similar to the write-up in the MSA monograph. 
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